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Title of Invention A METHOD FOR FORMING DAMASCENE METAL WIRE USING COPPER 



PURPOSE* A metal interconnection formation method using damascene processing 
is provided to improve resistivity of a copper diffusion barrier layer by using a 
tantalum film having alpha-Ta phase as the diffusion barrier layer. 
CONSTITUTION: After forming an interlayer dielectric(ll) on a substrate(lO), a 
damascene pattern is formed by selectively etching the interlayer dielectric(ll). A 
tantalum film(12) having alpha-Ta phase as the diffusion barrier layer is formed by 
using a PVD(Physical Vapor Deposition) at the temperature of 250-500 degrees C. 
Then, a copper seed layer(13) is formed on the resultant structure. A copper film 
is filled into the damascene pattern. 
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s iSc tfaa ?i soil ass, s«i etaa ra* ss § 33 nod s§w aoioi , 

□ 7EI1 A}g£t fflffliKthnascene) 3$HH£! «£ SSOfl B» 20ID. 

3^ w tia sse osssssi ±7m mm mMt sms.s. saas 7igs, sm? 

3E# Hfdi SCK. t>S, Bl-Sai ^21 USSJSHN CDE QA>2! Kdesign rule)2| 

§40)1 CUEV =S1S2| B|£qs bl (aspect ratiofe §** 03813. '21201. OIM (09 3* 5^ «£ S 
§2J y0l£^ SfiSOl .SCHEIJ1 2iD. 

&?oi&(Ai)g sai ms-saoi £«sot sure *?»ta uattoi 2.7 mouses ssoi 

dlffi*! §018171 DISOI 3*5 HHfi BBS* 7rS SEI A}§£|0| ZE(U PATS! 101 0.25* 32 
S S±5ISAI ^B.»HEm(«t« cwera99)7f §2ft> lEI7l£SSr(Physlcal Vapor Deposition, PVD) 

H^o, ^bqih §*ri iss sstr mni oim ^ an, gaiEsohopeooid 

(electromigraticri) &£ §WI 2|»«'-'B-Sr5l= S«§0| 50SS.Q. 

OlEit!- U?0IS 3«5fHHfi2| trTSl HEISiOt ir?0|fc08 blsl OH.g §S0I SSSf 7EI1 3*tW£ 

ns-s Hgtm 7i#w nitr si£iei sopra sta §£323 ?sib Argsioi B4U&B uau in 

««-7l4»«»tt(CVq)t,AJ8»l2--saEf. 

aaa ?ei= 43-bbdi ohs .ki» .sai sioi *im°i .B4W£'8B .g§<ni. *i§spi 

OfgD. 5. 2 ; B*mi»l 7W& . 3^HHa.£f 2AUHi«2J CD .3BE (critical dimension 

wifohnity); 2I?J £?r =StthS.( line etch profile) S SSaiTq^lSI £3 tflijbl SOUf 5.^5.^ 
ABB 271 0|E«t ?BI2J E*St,3^5r?l W CHCH<y 3*Hlg SB0I Ar§£|Il °AQ. 

[REM 33W<!< 5§^ #2^92flM EKJ.g 9! S«l*fi Biftra', UflElOt 3*t2f * 

Ell §*T*I * it*!*! ■ 7|?fl5j IBIKchealcaJ mechanical planarlzatlon, CMP) 7|£g 0|§§K)1 S2r 
lojof o| S HeiOT3$ a UH<3 3^S.H7t8fe 2h§t 7j»H 2iD. 

HE1U, OI2h gOI CHCHd! 5§f S)S»fe S?0I|S SSiag SID. «», 3^HBfl3S| E|x|7h SfOrSlW 
RC-73°10I §7ISfe SflgOI. Sf^ttD. 0|E1^ Ufflt! BEJHJ 3^HH^2J PX-XI3M 10171 9t*f 
8H-I£I 73 SSI S9Sj# A>gSH2 2iD. 

ys, ?Hi(Cu)s ^oihCAd^ sei siiisef(?s, siojs m «<.-di ikhuq-, tsisaM * 

ahSHS 7I5^SS Ofgtr 7EI= MSiS IMM 3. MB S^gfdeep level dophant)£ ^©SfOl Si2J 
5blg fflE(f orbidden band) LHtHI 01E1 7H'2| 2|{a El (acceptor) 21- £E?U (donor) EStfs SSAI2JD. 01 
S1*t- 2 aia £SM^ SS-XHIM?eneratlon-recombl natlon)2| sj-gsi-01 ESM °gfA| 

3D. DKfAi; ?em. hhsssik sssras 0IS---3<*3» WS.WOta «SISSt2S 01 

^Om m ¥WW5 ^a-^^^(Cu diffusion barrler)# I^°e A>f olOt tO. 

ae, ^E|S?&'»«staS 0lg»#EI7l'#Sa|reHini«ed PVD)as£ §*rtMaH(§^Sh>li.S, TaS,)5M 
§5H Sit*. TaKS TIN2I S0I3#?II IsffiA) 15)£S DH° T*N°! 180- 200. 

m q • c»s ztoi ^= ssi&oi/sich 



S S9S ^7|& ifs SEOsSJ glSf *H^8|-7I ?|SK)I fl&S ^EIS^g-Tqe"! U|73^ 

SJHlf 4 2J£ ?EI1 AH*J- CHOId 3^UH<3'«S»ai Ii§ofe« H ^01 SlO. 



^7121 7Lfta| mW 9#tV\ : *WM:W93.M «SI0l-OS9. ArStJ CHffld 3^W^ 
S^M 2!0iAi;?EI'* ; y^lSr£SA{ CH^gOl a-Ta2| ^(phase)! 7hXfe BS«S« Aftofe 9EIS 

A>i§t cHtHd 3^uha «a»aoi BISSO. 

££«f, S g^2| Dg =30i Q>23, i§2J 5§1 0 r S 715 £01 SaS Si^gam ^!2fSt 
01 CHCHid II @1 ^aShS XDl EKfll; £71 Wl EfTJ-f Of*! SS! ^5 i^l CDEf, 250~500xej 

mai gEi7ia§=raos s«a- ztsit 7eis>a»^is« sas^ 12 sm; £7i 92 & 

Til Of*! Sill 75 3ES01I ?EI ^Egf- SSS^ H3 931: 3! £71 fflffld IS LHM 7E|5fl DM 3 
5r= Hi 93111 StJtfe 7EI1 AUB CHDjAi =^\^4 ^aWBOl XISSD. 

B SSS 7E| '?:MWA|9f£S Ta5{g AhgiSS, US(2ai~500ic)(HIA| b|73^ StOI ^ a-W%2.3. § 
m\0\ AfS*fQ. TaHSfSJ Sf4ISfg(stolchioretry)(HI tOEl- b|73*StOI ^SfSWS', S^*J- Ta2f 

§ P-Ta2| 180~ 200u O • cm, a -Ta2| 20-30 M Q • em2h ifOI £(phase)(HI [Qfif b|73^2t 

01 Q.g7J UEfcfU.-ttB. 7EI HAiOS [Htf Ta5J2| ffl|£|OI SCf S4fff|?| ?|5|0I TaSf £^ £ 

£ TaHStg Q s<t& 4= SiQ. 

0181, B SfSOl *ft» 7l#S0|0flA| 1£°| Al^l 7HS »7h g BBS SEf SOBW gAt© ^ S!E^ 
8r7| 91*K3I g UrBW BAIODfi iBSWS-BCk 
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g*a E9 e i mxi e 4s e'issj a saiosoii tog ?a§ Any 0a cHoia v 'amis «0 s 

St £A|£ 0|6h Oil §2SH)I figfO. 

Sfl. £ 1M EAia Uh2> SOI ±§2| SSa Ote 7IB(10) 000 S0a §2!-g35«11)t aej 

OS£S> E 20« SAIS SOI 33 ^2.231 HW. ?a'^»X(S{2SM 50-500 A SfflSI TaSt 
(I2)S §«{«JO. Oil. Ta^U2)&,PV0g££ 3«!oH31, 250~500X9J. jJSMAJ §*fSI01 Ett^SDI a- 
Ta2J 0(rtas8)g 7W£*tC}. ; Taej(12)°J s|£ Eh 0^01 50-500A.. SiS°i TafteKEAISIXI 
□ S*fe^ SOI b^SIOI. OlOB TaHe»l ai(N).tmg 5~40atJE7f BE^ SCi. 

0I0IAI, E 3W EAia. bfih SOI WUSBV £S SW?l«S«r(CVD)BS 0IS5KH SSI ?2 S3M 

coa- ?a «ie*(i3)s v&tsa. 

Q3££, E 4M EAIS dW:S0l a*H£3B2£ CHOId 19 UtOfl W|Sf(l4)S DHSSKn Sf*13! • ?| 
TflS) 90KCMP) SSt £AloH3) S^HHdi 

07W SS SSs gAISfe 1?. HIHtt 2J0I 20- 30 M -o -t»S W° <sfS 7a*£Jtt*|Stf 4= 
2JC1. Ai)ES «0AI 9IS2KPVDB [Rd SdSIESgl £5 a«17l0§ar(-M))BS.OIStt£ 

(3. 015 013 S§°! 7SPS.wgfX|5} §*fAI US SSs 0ISSK7I IBISW PVDS2S }2I «|Egg « 
Cu2| §S(agglM»ratlon)§ Wit $ 2171 OISOIQ. 5. SaoBESSOlU CVDSs qi£|gj^ 

ef §.=r t .¥jioiiai as mwM mm ioe bwri iisoi cu°i esa sair ia?i asm-. 

CVDS2J 3? 150-c 0102) SOOIIH SEWA1 ESSIES 2a-SIS(pre-heating) MZ^ $ Si 

5 §§01 SIP. 

oi&oiiAi gsw e irss are ^aim a ssa esm m »sa= 301 onja. b sasi 71a 

S Af0§ SiOIUXI 3= B$l LHOflAI 013 7ff\ tm. B€ 3! BSOI ^SHCIS 201 B SSOI <*6> 
5 7|ggOKHIA| §6(21 Xl^S 7R3 XHHW SlOj 3DIU. 

oiaoi, sttt tfAioioi/45-ae mcua ssi seis 101 s^si£Lb s s§ ma « 
sai ?as*yBWH|oa ^se?wmiEem Aitsfe s^chie sisa^- - 



St»J S ?gff, HWtt WWU §SA|-dim.2tO|.^s.:a-Ta2| 7CT5 T«a»t ?a»fs 
^X|5f£S Af§*f££«l 7IS2) TaHxOll.tllSS 2e< 1/10 SE£ 4 Sfe 22Ph 2i£0|, 01 

£ 2181:01 7£IUH<32J daES ^S 4 SICK 



^j2/ 
§^ 1 

?3B' AISV CHCHid S^UHd ^BOII sjCHAI . 

?a»^!»X|at2SAI CH^SOI a-Ta°| ^(phase)f aBfe« ^S»fe «IB AfStt OKXti 
2 

igsi s§© di« jm : m ««a sasaeie ^zitioi aioid mas *s*i= ai bm: 

091-31 Sfll 92i.a3»IDa. 250-500x21 BEOM 8991^1^22 §^a EWt 

2f§ SsJSfe 9£| ^:ift"7gefg.*«*fe W2 B?fl: 

&9i 32 bmi oha aa ?5 itan ^a wess 33 bm; a 
^71 moid nsa lho« ?aete, wgsfe 34 bjii 
i zmuz 7ai Atstr cHffl^i g^HHd ssm 



326W1 SiOIAI, 
32 B7II5, 

071 31 bmi ora aa ?2 iae toa Tan^ ftm&'as mto* 

071 TaH^.^lffi 071 efiSSm ^SSf5 36 97IB'S»»& 211 $fe ?SB Al§*f CttCH 

d 3^UH3 ^0SfS. 
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SSI 9781 t»S 29 72 £S§ tt© g?| BSSStg ggris ^5 
^1 eiflSI gOO TaHSm S28fe E6 BTflf StJSfe 211 £S£S 8fe 731 A>§t> Diffli! g 



§7?> 5 

K83*f £E£ fl!4i"0fl SSCHAI, 

371 BiHIBie 50-SOOA SMS! 21 §g££ Sfe 7EIS AfS*H DICH^ S^BHfl 

tJ7tj6 
nsun shnal. 

TaRSfS. 50-SOOA 5=1)02! Si H3££ Sfc 7211 Af§£f CHfflAj g^ffltf 
f}7»7 

»oif s= mm skhai, 

#71 TaH,5J-S i-fc(N) mSD\ 5-40atX°!- 25 sg££ Sfc 731 Mgt[ CHW4J f^HHS fcgSE. 
S7«0 

IV JE= »I4«KHI 2J0IAI. 

g7\ 7si .*tsss sssiess s& i>tpi2s*ri££ as ss£s sis 7eii ais© 

moid S^HH^««^B. 
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